This study addresses the extent to which the location of primary stress in Dutch, German, and English monomorphemic words is a¤ected by the syllables preceding the three final syllables. We present analyses of the monomorphemic words in the CELEX lexical database, which showed that penultimate primary stress is less frequent in Dutch and English trisyllabic than quadrisyllabic words. In addition, we discuss paper-and-pencil experiments in which native speakers assigned primary stress to pseudowords. These experiments provided evidence that in all three languages penultimate stress is more likely in quadrisyllabic than in trisyllabic words. We explain this length e¤ect with the preferences in these languages for word-initial stress and for alternating patterns of stressed and unstressed syllables. The experimental data also showed important intra-and interspeaker variation, and they thus form a challenging test case for theories of language variation. 1
Introduction
Most analyses of primary word stress in Dutch, German, and English assume that the location of primary stress is independent of the position of secondary stresses to the left of the primary stress. Thus, in all accounts of primary stress that are rule-based or grounded in the Principles and Parameters framework, the parsing of syllables into feet is from right to left, and primary stress is assigned to the right-most foot. Since the word-final syllable is left extrametric under some conditions, at least at the stage where primary stress is assigned, this results in primary stress on the antepenultimate, the penultimate, or the final syllable (e.g., Hayes 1980; van der Hulst 1984; Kager 1989; Venneman 1990) . The footing of the syllables to the left of the three-syllable word-final window thus plays no role in primary stress assignment, as is explicitly stated in van der Hulst and Kooij (1992) , who claimed that primary stress assignment and secondary stress assignment are separate algorithms (''main stress first approach'').
Also in most analyses framed within Optimality Theory, the position of secondary stress does not a¤ect the position of primary stress (e.g., Nouveau 1994; Féry 1998; Hammond 1999; Pater 2000) . The analyses adopt constraints stating that every prosodic word ends in a foot and that primary stress is on the head of this foot. These constraints are ranked high, and may only be violated in order to satisfy constraints on the wellformedness of feet (such as, feet are binary, feet are left-headed, heavy syllables cannot be in the dependent positions of feet) and by constraints forbidding stress on the word-final syllable. Importantly, the constraint forcing all syllables to be parsed into feet is low-ranked. As a consequence, the assumed constraint hierarchies force well-formed feet at the right-edge of the word. The preceding syllables are parsed into feet only if the resulting feet are well-formed.
Germanic languages, as many other languages, tend to have wordinitial (secondary) stress (e.g., Halle and Kenstowicz 1991; Booij 1995; Féry 1998; Trommelen and Zonneveld 1999a: 484; Pater 2000; Zonneveld and Nouveau 2004) . Speakers transfer this preference for initial stress in existing words to pseudowords (Baker and Smith 1976) , and listeners take advantage of it in speech segmentation (Cutler and Norris 1988) and in phonetic judgments (Slootweg and Rietveld 1989) . The preference for initial stresses may overrule other constraints. For instance, the Dutch word "Jeroso"limi 'tani 'friars of the order of Jerusalem' bears word-initial secondary stress, even though this results in a sequence of two unstressed syllables (Zonneveld and Nouveau 2004: 389) , and Germanic languages, like many other languages, prefer alternating patterns of stressed and unstressed syllables (e.g., Prince 1983; Selkirk 1984; Kager 1989; van der Hulst and Kooij 1992; Hung 1994; Wiese 1996) . The preference for initial stress is not satisfied, however, if it leads to unwell-formed feet or stress clashes. More importantly, it is claimed that it would not a¤ect the position of primary stress. Thus, Pater (2000) and Zonneveld and Nouveau (2004) state that the constraint forcing words to start with a stressed syllable is satisfied only when this can be done at no expense of the constraint Align (Prosodic Word, Right, Head of Prosodic Word, Right), which forces the head of the prosodic word to be at the word-final syllable.
In the present study, we questioned the independence of primary stress of the footing of the preceding syllables. More specifically, we investigated the role of the preference for word-initial stress in combination with the preference for alternating patterns of stressed and unstressed syllables. For this we compared tri-and quadrisyllabic existing words and pseudowords in Dutch, German, and English. If the location of primary stress is determined only on the basis of the three final syllables, we may expect that the number of syllables in the word is irrelevant. Trisyllabic and quadrisyllabic words ending in the same three syllables would have primary stress on the same syllable (counting from the right edge). If, in contrast, the footing of all syllables in the word would a¤ect the location of primary stress, we may expect a di¤erence between trisyllabic and quadrisyllabic words. The preference for stressed initial syllables in combination with the preference for alternating patterns of stressed and unstressed syllables may favor penultimate primary stress in quadrisyllabic words ("ss' ss, with ' indicating primary and " indicating secondary word stress). In contrast, trisyllabic words with secondary stress on the initial syllable and primary stress on the penultimate syllable would not show a perfect alternation of stressed and unstressed syllables ("s' ss), but a stress clash. Such words are predicted to favor initial, antepenultimate, primary stress.
In words ending in syllables of certain phonological structures, however, we predict that the preference for stressed word-initial syllables may be overruled by other (language-specific) preferences, such as the constraint that forces heavy syllables to be the head of feet (e.g., Neijt and Zonneveld 1982; Prince and Smolensky 1993; Zonneveld and Nouveau 2004) . Such trisyllabic words may not have initial stress, and we predict that the corresponding quadrisyllabic words bear primary stress on the same syllable (counting from the right edge) as their trisyllabic counterparts. We thus expect a di¤erence between tri-and quadrisyllabic words especially for word types of which the trisyllabic words tend to have initial, antepenultimate, stress.
The literature contains several indications that the location of primary stress may indeed be a¤ected by the number of syllables in the word. Don and Zonneveld (1988: 20) observed that 13 out of the 21 tri-and quadrisyllabic Dutch words with primary stress on the penultimate open syllable followed by a closed final syllable ('CVCVC) are quadrisyllabic, even though quadrisyllabic words are much less frequent than trisyllabic words in Dutch. Don and Zonneveld speculated that this may be because penultimate stress in quadrisyllabic words allows a foot at the left word-edge, which results in full footing and a eurythmic pattern of stressed and unstressed syllables ("ss' ss).
Additional support for the e¤ect of word length on the position of primary stress in Dutch comes from Nouveau (1994: 105) . She asked twenty speakers of Dutch to read aloud a number of pseudowords, including trisyllabic merotak and dapiton, and quadrisyllabic monitaron. These three words end in syllables of the same phonological structure (open -openclosed), but monitaron di¤ers from the two others in the number of syllables. Nouveau found that whereas the two trisyllabic words received penultimate stress in only 10% and 5% of the realizations, respectively (most speakers preferred initial, antepenultimate, stress), the quadrisyllabic word was assigned penultimate stress in 40% of cases (w 2 1 ¼ 3:33, p ¼ 0:07; w 2 1 ¼ 5:16, p < 0:05, respectively. All statistical tests reported in this article are two-tailed). This suggests that word length a¤ects primary stress assignment. Janßen (2003) carried out a similar experiment in German. She asked 28 native speakers of German to produce a large number of pseudowords. Four word types, as characterized by the phonological structure of their final syllables, were represented by both trisyllabic and quadrisyllabic pseudowords. Three out of these four word types showed a numerically lower percentage of penultimate stress among the tri-than among the quadrisyllabic words. This di¤erence is significant for the words ending in a closed antepenultimate, an open penultimate, and a closed final syllable (w 2 1 ¼ 4:18, p < 0:05). The trisyllabic words (9 items) carried penultimate stress in 23% (48) of the tokens and the quadrisyllabic word in 44% (11) of its tokens. This suggests that also in German word length may a¤ect the position of primary stress.
In the present study, we first investigated the role of word length on the location of primary stress in existing words of Dutch, German, and English (Section 2). We then carried out paper-and-pencil experiments in which we investigated the e¤ect of word length in pseudowords of these languages (Section 3). The experiments showed variation between pseudowords, within, and between speakers, which we discuss in Section 4. Finally, we summarize and discuss our results in Section 5.
Lexical statistics

General method
The CELEX lexical database (Baayen et al. 1995) contains phonological and morphological descriptions of thousands of Dutch, German, and English words. We collected all trisyllabic and quadrisyllabic words that are marked as ''monomorphemic'', which do not contain productive or semiproductive a‰xes. We then investigated whether the location of primary stress is a¤ected by the number of syllables in the word. In addition to word length, we considered as independent variables the factors that have repeatedly been identified as relevant to the location of primary stress, that is, the phonological structure of the three final syllables as well as word class for English.
Dutch
In Dutch, primary stress tends to fall on the penultimate syllable (e.g.
[1a], [1b]), except in four types of words (e.g., Neijt and Zonneveld 1982; van der Hulst 1984; Don and Zonneveld 1988; Kager 1989; Trommelen 1991; Nouveau 1994; Trommelen and Zonneveld 1999b; Zonneveld and Nouveau 2004; Gussenhoven i.p.) . Primary stress necessarily falls on the final syllable of monosyllabic words. It also falls on the final syllable of words of which this final syllable (a) ends in a tense vowel and at least one coda consonant, (b) in a lax vowel and at least two coda consonants, or (c) contains a diphthong (i. These generalizations indicate that for Dutch, the distinction between syllables with schwa, open syllables (ending in a tense vowel), closed syllables (ending in a lax vowel and one consonant), and super-heavy syllables (ending in a tense vowel and at least one consonant, a lax vowel and at least two consonants, or containing a diphthong) is relevant. We collected all monomorphemic words consisting of three or four syllables from the Dutch part of the CELEX lexical database. The resulting data set contained 837 words (out of the 9861 monomorphemic words in CELEX), most of them non-native. We classified the location of primary stress in these words (antepenultimate, penultimate, or final) as given in CELEX, and the final three syllables as containing a schwa, as open, as closed, or as super heavy, along the definitions given above. Note that these definitions imply that tense vowels do not appear in syllables of the category ''closed'', since syllables with tense vowels and a coda consonant are super heavy. Similarly, syllables with diphthongs do not occur among closed or open syllables, since syllables with diphthongs are super heavy. Finally, lax vowels do not appear in open syllables, since lax vowels are followed by at least one consonant in word-final syllables, and they are presumably followed by at least an ambisyllabic consonant in wordmedial syllables (see the literature starting with van der Hulst 1985). Furthermore, we classified the words as consisting of three or four syllables. Table 1 gives the numbers of words with antepenultimate, penultimate, and final primary stress for the attested types of words, as characterized by the phonological structures of the final two syllables and word length.
We analyzed the data set with a Classification and Regression Tree Analysis (CART, Breiman et al. 1984) . This technique divided the data set into groups, with words that are identical in their length and in the phonological structure of their three final syllables (henceforth: of the same type) being grouped together. The types of words in a group are similar in their preference for the location of primary stress, and the characterization of the groups therefore provides information on which factors a¤ect the location of primary stress. Table 2 lists the seven groups created by CART, as well as the numbers of words, and the percentages of words with antepenultimate, penultimate, and final primary stress in these groups. The phonological structure of the antepenultimate syllable is not part of the characterization of any group, which is in line with the observation in the literature that only the phonological structures of the final and the penultimate syllables a¤ect the location of primary stress in Dutch (see above). The percentages of words with antepenultimate, penultimate, and final stress in the groups support the observation that the unmarked location of primary stress is on the penultimate syllable (Groups 1, 3, 4, 6) . If this syllable contains a schwa, and consequently cannot bear stress, primary stress falls equally often on the antepenultimate and on the final syllable (Group 2). Also, as described in the literature, primary stress tends to fall on the final syllable if this syllable is super heavy (Group 7).
The CART analysis does not support the observation that for primary stress to fall on the antepenultimate syllable, the final syllable has to be closed and the penultimate syllable to be open. For words ending in closed syllables, the phonological structure of the penultimate syllable seems to be irrelevant (Groups 5 and 6), probably because nearly all such words in the data set contain open penultimate syllables (128 out of The percentage of words with penultimate stress is larger among the quadrisyllabic (52.9%) than the trisyllabic (7.6%) words. A chi-squared test confirms that we are not observing a random pattern (w 2 ¼ 8:58, p < 0:01). Two native speakers, who were blind to the purpose of this study, ascertained that these quadrisyllabic words with penultimate primary stress all have secondary initial stress, as we would expect if the word-initial stress drives the length e¤ect.
Importantly, we observe exactly the same patterns of results, if we restrict our data set to words that have at least two non-reduced vowels in their final three syllables (these results are not included in the table). Only in these words, the location of primary stress is not completely fixed by the phonological structure of the final three syllables. We conclude that word length a¤ects the location of primary stress in Dutch.
We observed an e¤ect of word length only for the words ending in a closed syllable. The trisyllabic words of this type have initial stress in 54.2% of cases. We observed no length e¤ect for the words ending in two open syllables, which is the group of words with the second highest percentage ð63/ð63 þ 74 þ 24Þ Ã 100% ¼ 39.1%, cf. Table 1 ) of trisyllabic words with word-initial stress (apart from the trisyllabic words without quadrisyllabic counterparts in the data set). The majority of these trisyllabic words ending in two open syllables (at least 100% À 39.1% ¼ 60.9%) seem to fulfill other constraints than the preference for initial stress, which may block the length e¤ect. Remark, however, that the words do numerically show the predicted e¤ect of word length: The percentage of penultimate stress is slightly higher among the quadrisyllabic ð21/ð18 þ 21 þ 2ÞÃ 100% ¼ 51.2%, cf. Table 1 ) than among the trisyllabic words ð74/ð63þ 74 þ 24Þ Ã 100% ¼ 46.0%) ending in two open syllables.
German
The Dutch and German stress systems are similar in that also in German primary stress tends to fall on super-heavy final syllables ([2a] and [2b] ), and on the penultimate syllable of words without super-heavy final syllables ([2c] and [2d] ). According to Wiese (1996) , Jessen (1999), and Janßen (2003) , antepenultimate stress, instead of penultimate stress, primarily occurs in words with open penultimate syllables, while Féry (1998) stated that antepenultimate stress can be found among all words ending in nonsuper-heavy syllables (see [2e] and [2f ] ). Féry (1998) also explicitly stated that there is no di¤erence with respect to the location of primary stress between trisyllabic and quadrisyllabic words, except for words that sound as compounds or are grammatical terms.
(2) Examples for German stress patterns (syllable boundaries are indicated by ''.'') a. A.pa.'rat 'apparatus' b. Ma.nus.'kript 'manuscript' c. In.'spek.tor
We collected all German words that consist of three or four syllables and are coded as ''monomorphemic'' in the CELEX lexical database. We purged this list manually of the large number of words that are obviously morphologically complex (e.g., Abwesenheit, Entstalinisierung, Reinmachefrau). We also excluded from the data set the words with unclear synchronic morphological status and of which the Dutch equivalents do not occur in the Dutch data set (e.g., Histologie), such that the final German data set is well comparable to the Dutch data set. The resulting German data set is much smaller (359 words) than the Dutch data set (837 words), which is not surprising since the German part of CELEX contains fewer lemmas (51,728 lemmas) than the Dutch part (124,136 lemmas). For all words in the data set, we classified the location of primary stress (antepenultimate, penultimate, or final) as given in CELEX, and we ascertained the number of syllables. Given the generalizations on German stress in the literature, we classified the three final syllables as containing schwa, as open, as closed, or as super heavy, as we did for Dutch. No syllables with lax vowels are open, since lax vowels are minimally followed by ambisyllabic consonants, as is also indicated in the phonological transcriptions in CELEX. Table 3 shows the number of words with antepenultimate, penultimate, and final primary stress for each attested word type, which is characterized by the phonological structures of the penultimate and final syllables, and the number of syllables in the word. We analyzed also this data set with a Classification and Regression Tree Analysis, predicting the location of primary stress on the basis of the phonological structures of the three final syllables and word length. Table 4 lists the resulting 6 groups, as well as the number of words, and the percentages of words with antepenultimate, penultimate, and final stress in these groups. The percentages show that penultimate stress is the most frequent stress pattern in German words ending in a syllable with schwa (Groups 1-3), while final stress is most common among words ending in superheavy syllables (Groups 5 and 6). In words ending in open and closed syllables (Group 4), stress is almost equally distributed among the three final syllables, with a slight disadvantage for final stress. What is important for our research question is that none of the groups created by CART are characterized by word length. If we restrict the data set to words which contain at least two full vowels in their final three syllables, we obtain approximately the same grouping of words. We conclude that CART presents no evidence for an e¤ect of word length on the location of primary stress in German existing words. Given the small number of words in the data set, this non-result is not very surprising.
English
The distribution of primary stress in English is more complex than in Dutch or German. In English, all final syllables with long vowels are stressed. In only few words, however, this final stress is the primary stress: In words of all word classes and of all phonological structures, final stress tends to be secondary, and primary stress is retracted to the penultimate syllable, the antepenultimate syllable (e.g., [3a], [3b]), or, in some exceptional cases, even to the pre-antepenultimate syllable. Final primary stress is mainly found on bisyllabic words (e.g., Chomsky and Halle 1968; Hayes 1980; Kager 1989; Hammond 1999) .
For all words ending in syllables with short, instead of long, vowels, word class is an important predictor (e.g., Chomsky and Halle 1968; Hayes 1980 Hayes , 1982 Kager 1989; Jensen 1993; Hammond 1999) . In nouns and some adjectives, primary stress tends to fall on the antepenultimate syllable if the penultimate syllable ends in a short vowel ([3c] , [3d]). If not, the penultimate syllable tends to bear stress ([3e], [3f ] ). In verbs and other adjectives, the final syllable tends to be stressed, if this syllable contains at least two coda consonants. Again, this results in final secondary stress in most words, as primary stress tends to be retracted to the penultimate, antepenultimate, or pre-antepenultimate syllable. If the final syllable does not end in two consonants, stress tends to fall on the penultimate syllable (e.g., [3g], [3h]). Note that these generalizations indicate that penultimate syllables ending in a short vowel and a simple coda do not pattern with syllables only ending in a short vowel in nouns, and that final syllables of the same phonological structure (VC) do not pattern with syllables ending in two consonants in verbs. That is, penultimate VCsyllables in nouns count as heavy, whereas final VC-syllables in verbs count as light.
Finally, syllables without vowel do not count for primary stress assignment (Hammond 1999) . Thus, the noun salamander ends in a vowel-less syllable in rhotic dialects and has primary stress on its initial syllable, which is as predicted if the final syllable is not taken into account. We collected all 750 monomorphemic words consisting of three or four syllables from the English part of the CELEX lexical database. The vast majority are nouns. We marked the location of primary stress in these words (antepenultimate, penultimate, or final) as given in CELEX, and classified syllables as super light if their nucleus contained a schwa or a syllabic consonant, as light if they ended in a short vowel, and as heavy if their rimes contained a long vowel or two or more consonants. Syllables ending in a short vowel and a simple coda formed a category by themselves (VC), since the literature showed that they group with either the heavy or the light syllables depending on word class or the position of the syllable in the word. Furthermore, we classified the words as nouns, verbs, or adjectives/adverbs, and as consisting of three or four syllables. Table 5 gives the numbers of nouns with antepenultimate, penultimate, and final stress for the attested word types characterized by the phonological structures of the penultimate and final syllables, and the number of syllables in the word. Table 6 presents the counts for the adjectives, the adverbs, and the verbs. We analyzed also this data set of monomorphemic words with a Classification and Regression Tree Analysis. Table 7 lists the seven groups representing the CART tree, as well as the numbers of words in these groups, and the percentages of words with antepenultimate, penultimate, and final stress. Groups (1-2) show that primary stress tends to fall on non-light penultimate syllables, while Groups (3-6) show that words with light or super-light penultimate syllables typically bear antepenultimate stress. Group 7 concerns the words with super-light antepenultimate syllables and light or super-light penultimate syllables, which tend to bear primary stress on the penultimate syllable. CART thus wrongly predicts that super-light penultimate syllables may bear primary stress, probably because of scarcity of the data.
Word class and the number of syllables in the word do not play part in the characterizations of the seven word groups. These factors may emerge as predictors, however, if we focus on the words that have full vowels in at least two of their three final syllables. Only in these words, the position of primary stress is not completely fixed by the phonological structures of the final syllables. The results of a CART analysis of just these 328 words are given in Table 8 . Word class, word length, the phonological structure of the penultimate syllable, and the phonological structure of the final syllable emerge as predictors. The location of primary stress is a¤ected by word class for words with a light penultimate syllable and a final syllable that is light or ends in a short vowel and a consonant (Groups 1 and 2). Stress tends to fall on the penultimate syllable in adverbs/adjectives and verbs (Group 1), and on the antepenultimate syllable in nouns (Group 2). This di¤erence between verbs and nouns is expected given the literature. According to our CART-analysis, word class does not play a role for words with other phonological structures, which is possibly due to the small number of verbs in the data set. Thus in words of all classes, primary stress tends to fall on antepenultimate syllables that are followed by light penultimate syllables and heavy final syllables (Group 3), a generalization that according to the literature holds for nouns only. The CART analysis also showed that word length has an e¤ect on words with heavy or VC penultimate syllables (Groups 4 and 5). All quadrisyllabic words of this type bear primary stress on the penultimate syllable (in combination with secondary stress on the initial syllable, as could be established on the basis of the Van Dale dictionary, 1997). In contrast, penultimate stress can be found in only 57.8% of the trisyllabic words. This di¤erence between the tri-and quadrisyllabic words is statistically significant (w 2 1 ¼ 4:95, p < 0:05), and thus forms evidence of an effect of word length on the location of primary stress in English. The restriction of the e¤ect to words with VC or heavy penultimate syllables is Tables 5 and 6 ). Moreover, the penultimate syllable may bear stress in these words, as it is heavy.
Productivity in pseudowords
Introduction
The vast majority of trisyllabic and quadrisyllabic words in the languages under investigation are non-native, and the observed e¤ect of word length in Dutch and English on the location of primary stress may therefore originate from the (contemporary) phonological adaption of these words. If so, the observed e¤ect of word length is part of the contemporary grammars of these languages. It is also possible, however, that the stress patterns of the relevant words reflect older stages of Dutch and English, or that these words adhere to their stress patterns in the source languages (primarily Greek, Latin, and French). In a series of production experiments, we investigated the contemporary status of the e¤ect of word length on the location of primary stress. Speakers of Dutch, German, and English were presented with orthographic representations of non-existing, but possible, words and were asked to indicate the most likely location for primary stress. If the e¤ect of word length on the location of primary stress is part of the contemporary grammars of the languages, we expect it to a¤ect the location of primary stress in pseudowords.
Dutch
The CART analysis of the Dutch data set (Section 2.2) showed that word length is a predictor for the location of primary stress in existing words ending in closed syllables. We investigated whether also pseudowords of the same phonological structure show the length e¤ect. Moreover, we contrasted these words with words ending in open syllables. Words with final open syllables did not show a statistically significant e¤ect of word length in the lexical analyses. Nevertheless they seem to be good candidates to show the e¤ect, since, after the trisyllabic words ending in an open and a closed syllable, the trisyllabic words ending in open syllables show the highest percentage of initial stress (cf. Table 1 ). This suggests that the preference for initial stress is also important for this group of words, which may lead to a word length e¤ect.
3.2.1. Materials. We created forty quadrisyllabic words obeying the phonotactic restrictions of Dutch. Their three initial syllables consisted of a simple onset and a tense vowel, while their final syllable was closed and contained a lax vowel (e.g. [defapokt] In order to have the words in three di¤erent orders, we created three master lists, each with three complementary lists. The master lists contained one version of each experimental word. Ten words appeared as quadrisyllabic and ten words as trisyllabic items ending in closed syllables, and ten words appeared as quadrisyllabic and ten words as trisyllabic items ending in open syllables. The three complementary lists for each master list also contained ten tokens of every item type, and together with their master list, these lists contained all experimental items. This procedure resulted in 12 experimental lists. The words in the lists were pseudo randomized such that the items of a given type were equally distributed over the lists. Moreover, a given experimental word occupied the same position in a master list and its three complementary lists.
All items were spelled in the International Phonetic Alphabet, such that their representations unambiguously reflected the intended pronunciations.
3.2.2. Participants. Forty-eight native speakers of Dutch participated in the experiment. They were all students of Dutch at the Radboud University Nijmegen, and mastered the International Phonetic Alphabet. They had not yet received any education in stress theory or the stress rules of Dutch.
3.2.3. Procedure. Each participant received one of the twelve lists with forty experimental items. Each item was printed three times on the same line. The antepenultimate syllable was underlined in the leftmost token of the word, the penultimate syllable in the middle token, and the final syllable in the right most token (see [4] ). The underlining indicated the location of primary stress. Participants were told that the words were nouns, and they were asked to mark for each word the token representing their favorite pronunciation.
(4) First three lines of an experimental list peso'ofa peso'ofa peso'ofa 'edafoke 'edafoke 'edafoke tozadþp tozadþp tozadþp 3.2.4. Results and Discussion. Due to a programming error, ten out of the forty trisyllabic items ending in an open final syllable were transcribed with a lax instead of a tense final vowel (e.g., podabþ instead of podaba). These incorrect transcriptions represented pronunciations that violate the phonotactic constraints of Dutch. We removed these experimental items and the corresponding items from the final data set, leaving 30 experimental words and 120 experimental items. The resulting experimental items are listed in the appendix. Since one participant failed to indicate the preferred stress pattern for one item, our final data set contained ð48 Ã 30 À 1 ¼Þ1439 responses. We analyzed the penultimate stress responses versus the nonpenultimate stress responses with generalized linear mixed models with multivariate normal random e¤ects, using penalized quasi-likelihood (e.g., Schall 1991; Venables and Ripley 2002). We performed two analyses: In one analysis, we considered the participant as random e¤ect, and in the other analysis the experimental item. That is, in one analysis we allowed the participants to di¤er from each other in how often they assigned penultimate stress as well as in their sensitivity to the independent variables in the analysis. In the other analysis, the experimental items were allowed to di¤er from each other. In both analyses, our independent variables were Word length (trisyllabic or quadrisyllabic) and the Phonological structure of the final syllable (open or closed).
Both analyses revealed significant main e¤ects for both variables (Word length in the analysis with participant as random variable: F ð1; 1388Þ ¼ 5:74, p < 0:05; and in the analysis with experimental word as random variable: F ð1; 1406Þ ¼ 6:84, p < 0:01; Phonological structure of the final syllable in the analysis with participant as random variable: F ð1; 1388Þ ¼ 59:46, p < 0:001; and in the analysis with experimental word as random variable: F ð1; 1406Þ ¼ 99:99, p < 0:001). Participants assigned penultimate stress more often to quadrisyllabic words than to trisyllabic words, and more often to words ending in open syllables than to words ending in closed syllables. There was no interaction of Word length by Phonological structure of the final syllable (F < 1; F ð1; 1406Þ ¼ 1:50, p > 0:1). Interestingly, the analysis with participant as random variable showed that the participants di¤ered substantially in their sensitivity to Word Length (log-likelihood ratio ¼ 89.35, p < 0:001) and also with respect to the structure of the final syllable (log-likelihood ratio ¼ 26.78, p < 0:001). The model suggested for no less than 15 out of 48 participants that they tended to assign penultimate stress less often, instead of more often, to quadrisyllabic words. Figure 1a shows the coe‰cient for Word length (y-axis) for each participant in the experiment (x-axis). Each dot thus represents one participant, the participant with the number indicated at the x-axis. A negative coe‰cient implies that the participant tended to assign penultimate stress more often to quadrisyllabic than to trisyllabic words, while a positive coe‰cient indicates a reverse length e¤ect. The larger the absolute value of the coe‰cient, the more word length a¤ected the participant's responses. The di¤erence between the participants with respect to their sensitivity to the phonological structure of the final syllable is less extreme: All participants assigned penultimate stress more often to words ending in open syllables. Figure 1 . The coe‰cients of word length for each of the participants in the Dutch, German, and English paper-and-pencil experiments. A negative coe‰cient means that the participant tended to assign penultimate primary stress more often to quadrisyllabic than to trisyllabic words
The analysis with experimental word as random variable showed that also the words were a¤ected di¤erently by Word length (log-likelihood ratio ¼ 147.19, p < 0:001) and by the Phonological structure of the final syllable (log-likelihood ratio ¼ 89.35, p < 0:001). In contrast to all other 27 words, three words (those which have the forms badozevþx, fobetozþs, pevabek c f in the four-syllable condition with closed final syllables) tended to receive penultimate stress more often in their trisyllabic than in their quadrisyllabic forms. With respect to the Phonological structure of the final syllable, all words received penultimate stress more often when their final syllable was open. Only the e¤ect size di¤ered for each experimental word.
On average, generalizing across participants, we found the hypothesized e¤ect of Word length on the location of primary stress. Participants assigned penultimate stress more often to quadrisyllabic words than to trisyllabic words. We did not find an interaction of Word length by the Phonological structure of the final syllable: Word length was equally important for words ending in closed and in open syllables. Thus, although the words ending in open syllables did not show a length e¤ect in the lexical analysis (Section 2.2), they did in the paperand-pencil experiment. Recall that a relatively high percentage of the existing trisyllabic words of this type have initial primary stress (cf. Table  1) , and we therefore could expect an e¤ect of Word length also for these words.
German
We now turn to German. The analysis of the German monomorphemic words in Section 2.3 did not reveal any e¤ect of the number of syllables in the word on the location of primary stress. This may be due to the low number of words in the data set, and we carried out a paperand-pencil test with pseudowords also with native speakers of German. This experiment was identical to the Dutch experiment, except that the pseudowords conformed to the phonotactics of German, and that we spelled the words in the conventional spelling of German, rather than in the International Phonetic Alphabet, because we did not know whether all our participants would be su‰ciently familiar with the International Phonetic Alphabet. We did not expect a di¤erence between words ending in open and in closed syllables, as our lexical analysis classified these two types of words together for primary stress, and since also the literature provides no reasons to expect a di¤erence between these two word types.
3.3.1. Materials. We created 40 quadrisyllabic words obeying the phonotactic restrictions of German. Their three initial syllables were open, while their final syllable was closed (e.g., Zautaputasch). From these 40 words, we created forty quadrisyllabic items ending in open syllables (Zautaputa), 40 trisyllabic items ending in closed syllables (Taputasch), and 40 trisyllabic items ending in open syllables (Taputa), along the lines described for the Dutch experiment. We created twelve experimental lists with these items, also following the procedure described for the Dutch experiment. The items were spelled in the conventional spelling of German (cf. the Appendix).
3.3.2. Participants and procedure. Forty-eight native speakers of German, recruited at the Universities of Cologne, Duisburg, and Kiel, participated in the experiment. The procedure was identical to that of the Dutch experiment.
3.3.3. Results and discussion. All participants indicated their preferred stress patterns for all experimental items in their lists. Table 10 lists the absolute numbers and percentages of responses with antepenultimate, penultimate, and final stress broken down for item type. We analyzed the penultimate stress responses versus the non-penultimate stress responses again by means of generalized linear mixed models, one with participant and one with experimental word as random variable. In both models, our independent variables were Word length (trisyllabic or quadrisyllabic) and the Phonological structure of the final syllable (open or closed). Both models showed a significant main e¤ect for the Phonological structure of the final syllable (in the model with participant as random variable F ð1; 1869Þ ¼ 14:31, p < 0:001; and in the model with experimental word as random variable F ð1; 1877Þ ¼ 15:29, p < 0:001). Items ending in open syllables received more often penultimate stress than items ending in closed syllables. Word length was also significant, although marginally Participants di¤ered in their sensitivity to the Phonological structure of the final syllable (Log likelihood ratio ¼ 24.18, p < 0:001). Four participants tended to assign penultimate stress more often to words ending in closed than in open syllables. More importantly for our research question, participants also di¤ered in their sensitivity to Word length (Log likelihood ratio ¼ 27.73, p < 0:001). The random structure of the model showed that ten participants tended to assign penultimate stress more often to trisyllabic than to quadrisyllabic words. Figure 1b shows the coe‰cients for Word length for every participant in the experiment. A negative coe‰cient implies that the participant tended to assign penultimate stress more often to quadrisyllabic than to trisyllabic words and a positive coe‰cient the reverse.
The experimental words also di¤ered in their sensitivity to the Phonological structure of the final syllable (Log likelihood ratio ¼ 13.80, p ¼ 0:001): Four items (those which have the forms Bäwotapesch, Satodawett, Teifabatepp, Zaupotapitt in the four-syllable condition with closed final syllables) tended to receive penultimate stress more often when their final syllable was closed. In addition, the items were also a¤ected di¤er-ently by Word length (Log likelihood ratio ¼ 20.91, p < 0.001): Two items (Fäbeetosass and Vauschateesock) received penultimate stress more often when they were presented in their trisyllabic form.
We conclude that word length a¤ected the location of primary stress in German pseudowords. As in Dutch, penultimate stress was more frequent among the quadrisyllabic than among the trisyllabic words. Also as in Dutch, speakers di¤ered in their sensitivity to word length as well as to the phonological structure of the final syllable.
English
The analysis of the English trisyllabic and quadrisyllabic existing words described in Section 2.4 showed that word length a¤ects the location of primary stress in words with heavy and VC penultimate syllables. This analysis was mainly based on nouns, and given the results from the paper-and-pencil experiments in Dutch and German, we may therefore expect an e¤ect of word length in English pseudo nouns of this phonological structure. In order to see whether the e¤ect of word length extends to pseudo verbs, we presented our pseudowords in the paper-and-pencil experiment as verbs.
We constructed words which consisted of heavy syllables followed by a final syllable that was heavy in half of the cases, and a VC-syllable in the other half. We did not have clear predictions for the e¤ect of the phonological structure of the final syllable. On the one hand, all words with heavy penultimate syllables were grouped together in the CART classifications in Table 8 , independently of the phonological structure of the final syllable. This suggests that there may be no e¤ect of the phonological structure of the final syllable. On the other hand, according to the literature (see Section 2.4), the di¤erence between final heavy syllables and final VC syllables is relevant for verbs, and the participants were told that the words were verbs.
3.4.1. Materials. We constructed thirty-five pseudo verbs, obeying the phonotactic constraints of English. The verbs started with three open heavy syllables with long vowels and ended in another heavy syllable that contained a long vowel (e.g., potabovoo) or ended in a short vowel and two consonants. From these quadrisyllabic verbs, we created trisyllabic items by cutting o¤ the initial syllable (tabovoo). In addition, we created quadrisyllabic versions ending in syllables with a short vowel and one coda consonant ( potabovock), and their trisyllabic counterparts (tabovock). All experimental items are listed in the appendix. They were presented to participants in the conventional orthography of English, since our participants were not familiar with the International Phonetic Alphabet. Hence, the weight of the penultimate syllable as perceived by the participant could not be completely controlled for.
We created three master lists, each containing one version of every experimental word, and eight or nine tokens of every item type. From each of these lists, we created three complementary lists, such that the complementary lists also contained eight or nine tokens of every item type, and together with the master list they contained all experimental items. The items in each list were randomized, but each experimental word occupied the same position in a master list and in its three corresponding lists. This procedure resulted in 12 experimental lists.
3.4.2. Participants and procedure. Forty-four native speakers of English, recruited at the University of Birmingham, participated in the experiment. They had not received any education in stress theory or the stress rules of English. The procedure was identical to the procedure of the experiments in Dutch and German, except that the participants were told that the pseudowords were verbs.
3.4.3. Results and discussion. Two participants did not indicate their preferred stress pattern for one experimental item, while another participant refrained from giving responses for seven experimental items. Table 11 lists the absolute numbers and percentages of responses with antepenultimate, penultimate, and final stress broken for item type (quadrisyllabic or trisyllabic items with heavy or VC final syllables). We analyzed the penultimate stress and non-penultimate stress responses as a function of Word length (trisyllabic or quadrisyllabic) and the Phonological structure of the final syllable (heavy or VC), again using generalized linear mixed models. We observed a significant main e¤ect for Word length, both in the model with participant as random variable (F ð1; 1485Þ ¼ 6:49, p ¼ 0:01) and in the model with experimental word as random variable (F ð1; 1494Þ ¼ 15:57, p < 0:001). The phonological structure of the final syllable was significant in the model with participant as random variable (F ð1; 1485Þ ¼ 3:98, p < 0:05) and marginally significant in the model with experimental word as random variable (F ð1; 1494Þ ¼ 3:24, p ¼ 0:07). Neither model showed an interaction between these two independent variables (Fs < 1). Quadrisyllabic words elicited penultimate stress more often than trisyllabic words, and words ending in VC syllables seem to elicit penultimate stress slightly more often than words ending in heavy syllables. This latter di¤erence suggests that the participants indeed interpreted the pseudowords as verbs. Hence, we can conclude that the length e¤ect observed in nouns in Section 2.4 extends to verbs.
The participants di¤ered in their sensitivity to the length of the word (log-likelihood ratio ¼ 57.35, p < 0:001). The model with participant as random e¤ect assigned positive coe‰cients for Word length to 16 out of the 40 participants (see Figure 1c) , which suggests that these participants We conclude that speakers of English tend to be sensitive to word length for the location of primary stress, and to assign penultimate stress more often to quadrisyllabic than to trisyllabic words. These findings are in line with the results of the lexical analysis presented in Section 2.4.
Variation
The lexical analyses in Section 2 and the paper-and-pencil experiments discussed in Section 3 show di¤erent types of variation. The lexical analyses show variation in the location of primary stress among words of the same number of syllables and ending in syllables of the same phonological structure. Thus, among the trisyllabic Dutch existing words ending in two open syllables, ð63/ð63 þ 74 þ 24Þ Ã 100% ¼) 39% have antepenultimate primary stress, ð74/ð63 þ 74 þ 24Þ Ã 100% ¼) 46% have penultimate stress, and ð24/ð63 þ 74 þ 24Þ ¼) 15% have final stress (cf. Table 1) . A possible explanation, as suggested by Baker and Smith (1976) , van der Hulst (1984) , Kager (1989) , Don and Zonneveld (1988) , Daelemans et al. (1994) , Wiese (1996) , and Féry (1998) , among others, is that not only the phonological structures of the final syllables are relevant for the location of primary stress, but also the segments forming these syllables. For instance, the position of primary stress in Dutch words consisting of two open syllables is co-determined by the quality of the vowel in the final syllable. A tense [e] in this syllable favors final stress, while a tense [a] favors initial stress (van der Hulst 1984: 220) .
The paper-and-pencil experiments showed that there is interspeaker variation. In all three paper-and-pencil experiments, we found that the majority of participants showed the expected e¤ect of word length on the position of primary stress, but also that some participants showed no e¤ect at all, or an e¤ect in the opposite direction (see Figure 1) . Possibly, the way in which we presented the words to the participants may have contributed to this interspeaker variation. The Dutch pseudowords were presented in the International Phonetic Alphabet, but possibly the Dutch participants were not equally familiar with this alphabet. The English words were presented in the conventional orthography of English, although we could not completely control with this spelling the way the participants would pronounce the words. The German pseudowords were spelled in the conventional spelling of German, and this spelling possibly indicated most robustly our intended pronunciation of the words. The interspeaker variation was also smallest for the Germans (see Figure 1 ). The Germans, however, also showed the smallest overall e¤ect for word length, which is an alternative explanation for the relatively small interspeaker variation in this language. A second explanation for the interspeaker variation may be that the participants who did not show the length e¤ect or showed the reversed length e¤ect may not have known the quadrisyllabic words in their language that are necessary to establish the length e¤ect. That is, they might have lacked the necessary exemplars. Third, these speakers may be less sensitive to rhythm, and, as a consequence, also to factors a¤ecting the position of stress.
The paper-and-pencil experiments also revealed intraspeaker variation. The coe‰cients for Word length assigned by the models represent the probability that the responses of a participant are a¤ected by word length. We found that all participants have small coe‰cients, which implies that they show variation with respect to the word length e¤ect. This intraspeaker variation poses a challenge to phonological theory, which has been taken up, among others, by Antilla (2002) . Antilla (2002) discussed roughly three ways to incorporate intraspeaker language variation into Optimality Theory. First, in the tied violations account, variation is considered to be the consequence of output candidates that perform equally well on the constraint hierarchy (tied candidates). This account is somewhat problematic, however, as pointed out by Antilla, since tied candidates are highly unlikely, given the large inventory of universal constraints which probably distinguishes between any two candidates.
A second account of intraspeaker variation assumes that all speakers may have several grammars at their disposal which di¤er only slightly in the ranking of some phonological constraints (multiple grammars account). A given speaker would choose a given candidate more often if this candidate is optimal in more of the speaker's grammars. In our opinion, this approach is unable to account for the data from our paperand-pencil experiments in an elegant way. Figure 1 clearly shows that the coe‰cient for Word Length may have any value between À3 (indicating a relatively strong e¤ect of Word length in the predicted direction) to 1 (indicating a weak opposite e¤ect). In order to account for the small di¤er-ences between some speakers and the large di¤erences between others, we have to assume within the multiple grammars account that all speakers have a large number of di¤erent grammars available to them, and that speakers may di¤er from each other in just one of their grammars or in many of their grammars (depending on their di¤erence in the coe‰cient, or e¤ect size, of Word length). Theoretically, this is possible, but the assumption that each speaker has the disposal of a high number of grammars is not very attractive.
Stochastic Optimality Theory (Boersma 1998; Boersma and Hayes 2001) , a third account of variation, solves this problem. Within Stochastic Optimality Theory, constraints vary slightly in their exact position in the constraint hierarchy. Consequently, a constraint that is generally ranked higher than another constraint may be ranked lower than this constraint in a certain percentage of cases, resulting in variation in the output. The more two constraints di¤er in their average rank in the hierarchy, the smaller the probability that the relevance of these constraints is sometimes reversed. The stochastic part of Stochastic Optimality Theory thus elegantly accounts for intraspeaker variation. Interspeaker variation results from di¤erences between speakers in the exact position of the constraints in the hierarchy.
Alternatively, the inter-and intraspeaker variation in the locations of primary and secondary stresses may be accounted for in data-oriented approaches, in which the choice for the stress pattern for a given (new) word is based on the stress patterns in phonologically, morphologically, and semantically similar words (e.g., Baker and Smith 1976; Daelemans et al. 1994 ). According to these models, if a (new) word has to be assigned a stress pattern, all words in the mental lexicon that are similar to this word, on phonological, morphological, or semantic grounds, are activated. The probability that a certain stress pattern is chosen is estimated by the relative frequency of that stress pattern in the similarity neighborhood of activated words. In these models, interspeaker variation would result from di¤erences between the exemplars present in the speakers' lexicons, that is, from di¤erences between speakers in which words they have lexically stored, and possibly also in the strength of the lexical representations. The intraspeaker variation may result from the temporary absence of some words from the exemplar set due to oblivion.
Data-oriented approaches can also easily account for the observation that words sharing certain segments tend to carry primary stress on the same syllable (e.g., Baker and Smith 1976; van der Hulst 1984; Don and Zonneveld 1988; Kager 1989; Daelemans et al. 1994; Wiese 1996; Féry 1998; Hammond 1999) . The activation of a word may be stronger if the similarities with the target word are greater. Words which do not only share their length and the phonological structure of their final syllables with the target word, but also several segments, may thus have a greater e¤ect on the position of primary stress in the target word. Incorporating ''segmental'' e¤ects in Optimality Theory, in contrast, is less straightforward. It calls for constraints which state that words with certain segments have to have primary stress on a given syllable. Such constraints are theoretically possible, but render the accounts cumbersome.
General discussion
This study addressed the question as to whether the location of primary stress in Dutch, German, and English monomorphemic words is a¤ected by the preceding syllables in the word. These languages show preferences for word-initial syllables with primary or secondary stress and for alternating patterns of stressed and unstressed syllables. We hypothesized that these preferences may result in an e¤ect on the position of primary stress. We predicted that penultimate stress (in combination with initial stress) would be more frequent among quadrisyllabic than trisyllabic words.
We carried out statistical analyses of the monomorphemic words included in the CELEX lexical database, taking into account the phonological structure of the three final syllables, as well as word class for English. In the German data set, we found no e¤ect of word length, possibly because of data sparseness. Both the Dutch and the English data set showed that penultimate stress is less frequent among trisyllabic than quadrisyllabic words. The e¤ect is restricted to word types of which the trisyllabic words tend to have antepenultimate stress and in which the penultimate syllable may bear primary stress without inducing unwellformed feet.
In a series of paper-and-pencil experiments, we investigated whether the observed e¤ects of word length in existing words reflect a property of the contemporary grammars of the languages. We presented pseudowords to native speakers of the three languages, asking them to indicate for every word to which syllable they would assign primary stress. The pseudowords were of the phonological types for which we could expect a length e¤ect, partly on the basis of the lexical analyses. The length e¤ect was statistically significant in all three experiments. The analyses, however, also revealed that not all participants showed the predicted e¤ect. Some participants showed no e¤ect, while others showed an e¤ect that was opposite to what we expected. In addition, we attested intraspeaker variation: Speakers did not assign the same stress pattern to all words of a certain type. Finally, we attested systematic di¤erences between words.
We explained the e¤ect of word length as being driven by a preference for initial stressed syllables and alternating patterns of stressed and unstressed syllables (henceforth: ''initial stress account''). An alternative explanation of the length e¤ect is also possible, however (Don and Zonneveld 1988) . In quadrisyllabic words, a perfect parsing of the syllables into wellformed feet implies two trochees, one starting at the initial syllable, and one starting at the penultimate syllable. In trisyllabic words, in contrast, such a footing is not optimal as it results in a stress clash. In other words, the e¤ect of word length on the location of primary stress may just result from the preference for parsing as many syllables as possible into well-formed feet. This perfect parsing account is more economical than the initial stress account in that it does not need the assumption of a preference for word-initial stress. This assumption, however, is supported by several psycholinguistic studies showing preferences for word-initial stress in language production and perception (e.g., Baker and Smith 1976; Cutler and Norris 1988; Slootweg and Rietveld 1989) .
Remark that according to both explanations, the position of primary stress depends on the positions of the secondary stresses. We thus conclude that our findings call into question the assumption that the location of primary stress is independent of the location of secondary stresses.
Interestingly, our findings bring Dutch, German, and English more in line with those languages, which, like Dutch, German, and English, have binary weight-sensitive feet and primary stress in the final three-syllable window, but in which footing is assumed to start from the left, instead of the right edge (e.g., Palestinian Arabic and Creek, e.g., Hayes 1995) . Also in these languages, the footing of the syllables before the final threesyllable window a¤ects the position of primary stress. Experimental items for the English paper-and-pencil experiment
